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(57) ABSTRACT

A pH adjusting agent 1s added to a conductive adhesive to
prevent the dissolution of a conductive particle to 1improve
the reliability of a mounting structure, wherein when a pH
environment 1s produced 1n which the conductive particle 1s
casy to dissolve 1n the surrounding of the conductive

adhesive, the pH adjusting agent can change the pH envi-
ronment to a pH environment in which the conductive
particle 1s resistant to dissolving.
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CONDUCTIVE COMPOSITION,
CONDUCTIVE ADHESIVE, AND THEIR
MOUNTING STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present i1nvention relates to a conductive
composition, a conductive adhesive, and amounting struc-
ture of an electronic part using the same.

2. Description of the Related Art

Conventionally, a wire bonding method using solder has
been often used when a semiconductor device such as an
integrated circuit chip or the like 1s mounted on the mput/
output terminal electrodes of a circuit board. However, 1n
recent years, 1n order to reduce the size of the semiconductor
device and to increase the number of connection terminals
thereof, the gap between the connection terminals of the
semiconductor device 1s narrowed, which results in gradu-
ally making 1t difficult to mount the semiconductor on the
input/output terminal electrodes of the circuit board by the
use of a conventional soldering technology.

Accordingly, an attempt has been recently made to reduce
the mounting area of the semiconductor device by directly
mounting the semiconductor device on the input/output
terminal electrodes of the circuit board. Among all, a struc-
ture of a flip chip mounting in which the semiconductor
device 1s mounted face down on the circuit board 1s useful
because the structure can electrically connect the semicon-
ductor device to the circuit board by one operation and can
produce a large mechanical strength after they are connected
to each other.

As the tlip chip mounting structure, there are structures 1n
which electrical connections are established by the use of
solder, an anisotropic conductive sheet, or a conductive
adhesive. FIG. 3 shows a schematic cross sectional view of
s flip chip mounting structure 1 which electrical connec-
fions are established by the use of a conductive adhesive. As
shown 1n FIG. 3, in the case where the electrode pad 3 of an
IC board 1 1s connected to the input/output terminal elec-
trode 7 of a circuit board 4, first, a projecting electrode 2
which 1s to be an electrical connection point 1s formed on the
clectrode pad 3 of the IC board 1 by a wire bonding method
or a plating method, and then a conductive adhesive layer §'
1s formed on the projecting electrode 2 by a transfer method.

Next, the semiconductor device 1s aligned face down such
that the projecting electrode 2 1s put into contact with the top
of the mput/output terminal electrode 7 and 1s then mounted
on the circuit board 4. Then, the mounting structure of the
semiconductor device 1s heated to high temperatures to cure
the conductive adhesive §' to establish the electrical con-
nections.

In this connection, 1in order to further reinforce the elec-
trical connections, as shown 1n FIG. 3, the gap between the
IC board 1 and the circuit board 4 1s sometimes sealed with
a sealing resin 6. In this case, a process of sealing and curing
the sealing resin 6 1s further required.

In this manner, the flip chip mounting structure 1s fabri-
cated and as a portable digital devices has been reduced 1n
size, a higher mounting density has been strongly required
even 1n the mounting structure of the semiconductor device.
Accordingly, even in the flip chip mounting structure
described above, the gap between the connection terminals
(the gap between the projecting electrodes 2 and the gap
between the input/output terminal electrodes 7) has been
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further narrowed. In the mounting structure having the
narrowed gap between the terminals, 1t 1s important whether
reliability can be maintained or not.

Therefore, the mnventors of the present case conducted an
accelerated life test for investigating the reliability of a
mounting structure which had a DC voltage applied across
input/output terminals 7 1n the state of high temperature and
higch humidity. As a result, the mventors found that the
following phenomenon occurred: that is, when the above
accelerated life test was conducted, water enters the 1nside

of the mounting structure; when the entered water reached
the surrounding of the adhesive layer §', the conductive
particles contained in the conductive adhesive layer §
dissolved 1n the water having reached the surrounding of the
adhesive layer 8'; and as a result, the conductive particle 1n
the connection portion was reduced 1n quantity to gradually
increase a connection resistance. Such a phenomenon in
which the increasing connection resistance was further
increased as the gap between the terminals was narrowed
with the increasing mounting density.

SUMMARY OF THE INVENTION

Therefore, 1t 1s the object of the invention to prevent a
connection resistance from being increased by the dissolu-
tion of conductive particles.

In order to accomplish the above object, according to the
present invention, 1n short, a pH adjusting agent 1s added to
a conductive adhesive including at least one of resin and
rubber, and a conductive particle, whereby when the ambient
atmosphere of the conductive adhesive starts to be changed
to a pH region 1n which the conductive particle 1s easy to
dissolve, the pH adjusting agent changes the ambient atmo-
sphere to a stable pH region in which the conductive particle
resists dissolving by the neutralization action of the pH
adjusting agent, which results 1n preventing the dissolution
of the conductive particle 1n the surrounding.

It 1s essential only that the pH adjusting agent in accor-
dance with the present invention can change a pH environ-
ment 1n which the conductive particle 1s easy to dissolve in
the surrounding of the conductive adhesive to a pH envi-
ronment 1n which the conductive particle i1s resistant to
dissolving.

The pH adjusting action 1n accordance with the present
invention 1s required to be selectively produced 1n a state in
which there 1s a possibility that the conductive particle may
dissolve. This 1s because i1f the pH adjusting action 1is
produced 1n a state 1n which there 1s no possibility that the
conductive particle may dissolve, there 1s a possibility that
the pH adjusting action may have a bad effect on the various
characteristics of the conductive adhesive (including electric
characteristics).

The state 1n which there 1s a possibility that the conductive
particle may dissolve, 1f 1t 1s carefully examined, 1s a state
in which water enters the surrounding of the conductive
adhesive. In view of this, the pH adjusting agent 1n accor-
dance with present invention includes a water-soluble
substance, whereby the pH adjusting action can be selec-
tively produced 1n a state in which there 1s a possibility that
the conductive particle may dissolve.

In this case, if the pH adjusting agent includes a substance
which 1s 1n a solid state in the storage environment and/or
actual use environment of the conductive composition, it can
be surely prevented that the pH adjusting agent dissolves 1n
the ordinary storage environment and/or actual use environ-
ment of the conductive composition.

Further, if the pH adjusting agent 1s added 1n a state of
powder to the conductive adhesive, 1t 1s possible to uni-
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formly arrange the pH adjusting agent in the conductive
adhesive. This can uniformly produce the pH adjusting
action 1n the conductive adhesive, which can further surely
produce an effect of preventing the conductive composition
from dissolving 1n the surrounding of the conductive adhe-
S1VE.

Here, 1t 1s preferable that the particle size of the pH
adjusting agent 1s smaller than the particle size of the
conductive particle. The reason for this will be described in
the following: in the case where the particle size of the pH
adjusting agent 1s larger than the particle size of the con-
ductive particle, there 1s a possibility that the electrical
conduction produced by the contact of the conductive par-
ticles maybe impaired by the pH adjusting agent having a
large particle size; 1in contrast to this, by making the particle
size of the pH adjusting agent smaller than the particle size
of the conductive particle, 1t 1s possible to prevent the
electrical conduction from being impaired by the pH adjust-
ing agent. To be more specific, it 1s preferable that the
particle size of the pH adjusting agent 1s smaller than 20 um.
In the case where the particle size of the pH adjusting agent
1s smaller than 20 um, it 1s as usual easy to control the

amount of transter of the conductive adhesive to an elec-
trode or the like.

A conductive particle containing Ag, Al, Au, Cu, or N1 1s
usually used. Therefore, according to the present mnvention,
if the ambient atmosphere of the conductive adhesive con-
taining such a conductive particle starts to change to a pH
region 1n which Ag, Al, Au, Cu, or N11s easy to dissolve, the
neutralization action of the pH adjusting agent can return the
pH region to a stable pH region 1n which Ag, Al, Au, Cu, or
N1 1s resistant to dissolving, which can prevent Ag, Al, Au,
Cu, or N1 from dissolving in the surrounding.

Also, 1t 1s preferable that the pH adjusting agent 1s added
to the conductive adhesive at a rate of from 0.1 wt % to 10.0
wt % to the conductive particle. This can produce a pH
adjusting action of preventing the dissolution of the con-
ductive particle with a volume specific resistance kept at a
sufliciently low value.

Further specifically describing the present invention, a pH
adjusting agent having a stable region in an alkaline region
1s added to the conductive adhesive containing conductive
particles (for example, Ag) showing lower solubility in an
alkaline region than 1n an acid region. This constitution
produces the following action: that is, even if the ambient
atmosphere of the conductive adhesive starts to change to
the acid region in which the conductive particle 1s easy to
dissolve, the neutralization action of the pH adjusting agent
having a stable region 1n the alkaline region can return the
ambient atmosphere to the stable alkaline region in which
the conductive particle 1s resistant to dissolving. As a resullt,
this can prevent the conductive particle from dissolving in
the surrounding.

Also, 1t 1s possible to constitute the present mvention by
a substance having a property opposite to the properties of
the above mentioned substances. That 1s, a pH adjusting
agent having a stable region 1n the acid region 1s added to the
conductive adhesive containing a conductive particle show-
ing lower solubility 1n the acid region than in the alkaline
region (for example, Al), whereby even if the ambient
atmosphere of the conductive composition starts to change
to the alkaline region 1n which the conductive particle 1s easy
to dissolve, the neutralization action of the pH adjusting
agent having a stable region in the acid region can return the
ambient atmosphere of the conductive composition to a
stable acid region 1n which the conductive particle 1s resis-
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tant to dissolving. As a result, this can prevent the conduc-
five particle from dissolving 1n the surrounding.

In this connection, as the pH adjusting agent having the
stable region 1n the alkaline region, there 1s an agent
including at least one member selected from the group
consisting of MgO, Mg(OH),, 2Mg0.Si0,, Al,O;, BaCO,,
Sn0,, La,O,, Mn,0,, MnO,, CaCO,, Ca(OH),, BaTiO,,
Zn0O, CuO, Y,0;, B1,0;, Pr,0O;, Pm,0;, Nd,O;, Y(OH),,
Sc(OH),, Ce(OH),, Sm(OH),, Eu(OH),, Gd(OH),, Tb(OH)
5» Dy(OH);, Ho(OH);, Er(OH),, Tm(OH);, Yb(OH),,
Lu(OH);, ZrO,, Fe(OH),, Co(OH),, Ni(OH),, Cu(OH).,,
Cd(OH),, Zn(OH),, La(OH);, Pr(OH);, Be(OH),, Al(OH);,
V,0,, Cr(OH);.nH,O, Ga(OH),, and PbO. Among these
members, MgO, Mg(OH),, 2MgO SiO,, or Ca(OH), has an
excellent pH adjusting action as the pH adjusting agent of
the conductive adhesive and hardly has a bad effect on the
various characteristics necessary for the conductive adhe-
sive (for example, electric characteristics)

Also, as the pH adjusting agent having the stable region
in the acid region, there 1s an agent including at least one
member selected from the group consisting of In,O,, TeO.,
GeO,, WO;, Gd(OH);, BeO, Cr,05;, V,05, Be(OH),,
Al(OH);, V,0,, Cr(OH);.nH,0O, Ga(OH),, and PbO.

If the mounting structure of an electronic part 1s consti-
tuted by the conductive adhesive 1n accordance with the
present 1nvention having the above mentioned
characteristics, it 1s possible to provide the mounting struc-
ture having a stable reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

The other object of the present invention will be clear, 1f
the preferred embodiments described below are understood,
and will be clearly claimed 1n the appended claims. Putting,
the present 1nvention into practice will remind a person
skilled 1n this art of many advantages which will not be
described 1n the present specification.

FIG. 1 1s a schematic illustration of a comb-shaped
clectrode for a water drop test.

FIG. 2 1s a schematic cross sectional view of a mounting,
structure using a conductive adhesive containing a pH
adjusting agent.

FIG. 3 1s a schematic cross sectional view of a mounting
structure using a conductive adhesive.

DETAILED DESCRIPTION OF THE
INVENTION

The preferred embodiments 1n accordance with the
present mvention will be described with reference to the
accompanying drawings.

(First Preferred Embodiment)

In the preferred embodiment, the present 1nvention is
applied to a conductive adhesive containing an epoxy base
resin as a resin and Ag as a conductive particle.

Ag as the conductive particle 1s a metal having low
solubility 1n an alkaline region and high solubility 1n an acid
region. Accordingly, if there exists acid water 1n an ambient
atmosphere, the dissolution of the conductive particles made
of Ag 1s facilitated to increase the connection resistance of
the conductive adhesive. In this connection, 1t 1s thought to
be caused by various factors such as a combination of the
material of a circuit board and the material of a sealing resin
that the pH of the ambient atmosphere 1s deviated from a
neutral state. In particular, it 1s caused by the material of the
circuit board and additives thereof. In an ordinary circuit
board containing a resin component as a main component,
the pH of the ambient atmosphere tends to be biased to an
acid region.
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In the present preferred embodiment, a water-soluble
substance MgO was added 1n the state of powder as a pH
adjusting agent, and this pH adjusting agent MgO was
formulated at the rate of 0.5 wt % to the conductive particles
made of Ag and was then mixed with an epoxy base resin by
a publicly known method to make a conductive adhesive.

The MgO as the pH adjusting agent 1s a substance which
1s 1n a solid state 1n the storage environment and/or the actual
use environment of the conductive adhesive, and keeps the
solid state (the state of powder) and does not dissolve as far
as 1t does not contact water. Also, the MgO has a stable
region 1n the alkaline region and if it dissolves in the acid
region, 1t neutralizes the surrounding.

A water drop test pattern was made on a circuit board by
the use of the conductive adhesive of the present preferred
embodiment by a screen printing method. Then, the con-
ductive adhesive was cured at a temperature of 120° C. for
a period of 2 hours to make the above water drop test pattern
a comb-shaped electrode for a water drop test. FIG. 1 1s a
schematic view of the comb-shaped electrode for the test.
This comb-shaped electrode for the test was provided with
terminal electrodes 9, 10, 10. The terminal electrode 9, was
arranged 1n the center and the terminal electrodes 10, 10
were opposed to each other with the terminal electrode 9
therebetween. The gap G between the conductive pattern 9a
of the terminal electrode 9 and the conductive pattern 10a of
the terminal electrode 10 was set at 400 um.

Next, a water drop test using the comb-shaped electrode
for the test will be described. A predetermined amount of
solution of phthalate having a pH of 4.01 was dropped on the
cgap G between the conductive pattern 9a of the terminal
clectrode 9 and the conductive pattern 10a of the terminal
clectrode 10. Further, a DC current of 1 V was applied across
both the terminal electrodes 9, 10 and the time that elapsed
before a current flowed between both the terminal electrodes
9, 10 was measured to evaluate an 10on migration. Here, as
shown 1n FIG. 1, six gaps G were measured to calculate the
mean value thereof.

For comparison, a conductive adhesive was made to
which the pH adjusting agent MgO was not added and then
a comb-shaped electrode for the test was formed of the
conductive adhesive. Then, the solution of phthalate having
a pH of 4.01 or pure water was dropped on the gap between
both the terminal electrodes 9, 10 and then the 10n migration
was evaluated by the same method described above. The
results of evaluation will be shown 1n

TABLE 1

time before migration

pH adjusting agent solvent used for test  occurs

not added pure water 75 seconds
not added phthalate 51 seconds
MgO phthalate 87 seconds

As shown 1n Table 1, the comb-shaped electrode for the
test made by the use of the conductive adhesive of the
present preferred embodiment produced the following
results because the MgO was added as the pH adjusting
agent to the conductive adhesive: that 1s, although the
dropping solution of phthalate had a pH of 4.01, which was
biased to the acid side, the dropping solution showed stron-
ger resistance to migration as compared with the test result
obtained in the case where the dropping solution was pure
water. This reason lies 1n the following.

If the pH adjusting agent MgO dissolves 1 the acid
region, it shows the action of neutralizing the ambient
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atmosphere. Accordingly, even if the acid water enters the
vicinity of the terminal electrodes 9,10 to bias the pH of the
atmosphere 1n the vicinity of the terminals to the acid side,
the ambient acid atmosphere 1s neutralized by the MgO
dissolved by the entered water. This changes the pH 1n the
vicinity of the conductive adhesive to the alkaline region to
prevent Ag from dissolving, which results in improving the
resistance to migration.

In this connection, a test use comb-shaped electrode was
made of the conductive adhesive to which the MgO was
added as the pH adjusting agent and then the time that
clapsed before migration occurred in the case where pure
water was used as a dropping solution was measured to
obtain 429 seconds as the measurement result, although this
1s not shown 1n Table 1.

In contrast to this, the time that elapsed before the
migration occurred in the case where the dropping solution
made of pure water was dropped on the test use comb-
shaped electrode to which the pH adjusting agent was not
added was /5 seconds, as shown 1n Table 1. The comparison
of these results of measurements clearly shows the effect of
the addition of the pH adjusting agent 1n accordance with the
present 1nvention.

Also, although the pH adjusting agent MgO was added to
the conductive adhesive of the present preferred
embodiment, when the volume specific resistance of the
conductive adhesive was measured, 1t could be verified that
the conductive adhesive had a good volume specific
resistance,. To be more specific, 1t could be verified that
conductive adhesive had a good volume specific resistance
of about 6.2x10™> Qcm, which was the nearly identical to
the result obtained in the case of the second preferred
embodiment to be described below to which the pH adjust-
ing agent (Y,0,) was added by 0.5 wt %.

Also, 1t could be verified that there was a correlation
between the results of the water drop test shown in Table 1
and the results of a reliability test (unsaturated steam pres-
sure bias test) conducted by using a mounting structure (to
be described below) having a flip-chip-mounted semicon-
ductor device as a sample. The reliability test will be
described below.

The reliability test (unsaturated steampressure bias test)
was conducted as follows: a DC voltage of 5.5 V was
applied across the input/output electrodes on the circuit
board in the atmosphere of a temperature of 110° C. and a
humidity of 85% and the msulation resistance between the
input/output electrodes and the connection resistances of the
input/output electrodes were measured and evaluated. That
1s, the time that elapsed before the insulation resistance
became less than 10'°Q or the connection resistance became
more than 10 times the initial connection resistance was
made are liability time. As a result, it could be verified that
the reliability time was elongated in the sample having the
pH adjusting agent MgO added thereto more than 5 times the
sample having no pH adjusting agent.

While the MgO was used as the pH adjusting agent i the
present preferred embodiment, a pH adjusting agent
containing, nstead of the MgQO, or with the MgQO, at least
one member selected from the group consisting of
Mg(OH),, 2Mg0O.S10,, Al,O;, BaCO,, SnO,, La,O;,
Mn;0,, MnO,, CaCO;, Ca(OH),, BaTiO,, ZnO, CuO,
Y,.O0,, Pr,0,, Pm,O,, Nd,O,, Y(OH),, Sc(OH),, Ce(OH),,
Sm(OH);, Eu(OH);, Gd(OH);, Tb(OH);, Dy(OH),,
Ho(OH),, Er(OH),, Tm(OH),, Yb(OH),, Lu(OH),, ZrO.,,
Fe(OH),, Co(OH),, Ni(OH),, Cu(OH),, Cd(OH),, Zn(OH)
-, B1,05, La(OH),;, Pr(OH);, Be(OH),, Al(OH);, V.0,
Cr(OH)5.nH,O, Ga(OH),, and PbO can also produce the
same elfect.
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Although the epoxy base resin was used as the resin 1 the
present preferred embodiment, 1t 1s not needless to say that
cither a thermoplastic resin or a thermosetting resin may be
used as the resin.

(Second Preferred Embodiment)
In the present second preferred embodiment, a water-

soluble substance Y,O; 1s added 1n the state of powder, as
a pH adjusting agent, instead of the MgO described above.
The water-soluble substance Y,O, as the pH adjusting agent
1s a substance which 1s 1n a solid state in the storage
environment and/or the actual use environment of the con-
ductive adhesive and keeps the solid state (the state of
powder) and does not dissolve as far as it is not put into
contact with water. Also, the water-soluble substance Y,O,
has a stable region 1n weak alkaline region like the MgO and
if 1t dissolves 1n the acid region, 1t neutralizes the ambient
atmosphere.

In the present preferred embodiment, the pH adjusting
agent Y,O; was formulated at the rates of 0.1 wt %, 0.5 wt
%, 1.0 wt %, 3.0 wt %, 5.0 wt %, and 10.0 wt % to a
conductive particle made of Ag, respectively, and was mixed
with the epoxy resin by a publicly known method to make
cach conductive adhesive agent.

Here, 1f the amount of addition of the pH adjusting agent
1s less than 0.1 wt %, the amount of addition 1s too small to
produce an effect of adjusting the pH. On the other hand, if
the amount of addition 1s more than 10.0 wt %, 1t 1s difficult
to adjust the viscosity of the conductive adhesive agent and
a volume specific resistance 1s increased. Accordingly, the
amount of addition in this range was excluded 1n the present
preferred embodiment.

The conductive adhesive was formed into a sheet by a
screen printing method and was cured at a temperature of
120° C. for a period of 2 hours and the resistance of the
cured conductive adhesive agent was measured to calculate
a volume specific resistance. The results will be shown 1n

Table 2.

TABLE 2

amount of addition of pH

adjusting agent volume speciiic resistance

0.1 wt % 6.0 x 10™ Qcm
0.5 wt % 6.2 x 10~ Qcm
1.0 wt % 6.6 x 10 Qcm
3.0 wt % 7.3 x 107 Qcm
5.0 wt % 8.0 x 10™ Qcm
10.0 wt % 1.7 x 107" Qcm

As shown 1n Table 2, the conductive adhesive of the
present preferred embodiment had a good volume specific
resistance 1n the range of the amount of addition of from 0.1
wt % to 1.0 wt %. In this connection, the volume specific
resistance of the conductive adhesive to which the pH
adjusting agent was not added was nearly equal to the good
volume specific resistance of the conductive adhesive to
which the pH adjusting agent was added by 0.1 wt %.

Also, the conductive adhesive of the present preferred
embodiment produced the same effect on the resistance to
migration as was described 1n the first preferred embodiment
in all the amounts of addition except for 0.1 wt %. When the
amount of pH adjusting agent was 0.1 wt %, the amount of
addition was too small to produce the effect of adjusting the
pH.

In this connection, 1n the case where MgO was added as
the pH adjusting agent, even 1f the amount of addition of the
MgO was 0.1 wt %, 1t could be verified that the pH adjusting
agent could produce an effect on the resistance to migration.
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It 1s thought that this 1s because a difference in the amount
of addition to produce an effect on the resistance to migra-
tion between the MgO and the Y,O; was caused by the fact
that the MgO 1s more stable 1in an alkaline atmosphere than
the Y,O,.

As described above, 1n the case where the amount of
addition of the pH adjusting agent 1s more than 10.0 wt %,
it 1s difficult to adjust the viscosity of the conductive
adjusting agent, but 1t 1s possible to add the pH adjusting
agent more than 10.0 wt % by specially adjusting the
viscosity thereof. However, 1n that case, the volume specific
resistance of the conductive adjusting agent tends to
Increase.

Also, 1 the present preferred embodiment and the first
preferred embodiment described above, the particle size of
the pH adjusting agent was not specially controlled. It 1s
preferable that the particle size of the pH adjusting agent 1s
finer than the size of the conductive particle. This 1s because
there 1s a possibility that the electric conduction produced by
the contact of the conductive particles may be impaired by
the pH adjusting agent having a large particle size. On the
other hand, if the particle size of the pH adjusting agent 1s
too fine, 1t presents a problem that 1t 1s difficult to adjust the
viscosity as the conductive adhesive. Accordingly, it 1s
preferable that the particle size of the pH adjusting agent 1s
controlled to be finer than the size of the conductive particle
to be used.

(Third Preferred Embodiment)

In the present preferred embodiment, the present mven-
tion 1s applied to a conductive adhesive having conductive
particles containing Al, which 1s different from the above-
mentioned first and second preferred embodiments.

Al as the conductive particles 1s a metal showing low
solubility in an acid region and high solubility 1n an alkaline
region. Accordingly, if there exists an alkaline water 1n the
surrounding of the conductive adhesive, the solution of Al 1s
facilitated to increase the connection resistance of the con-
ductive adhesive.

Accordingly, 1n the conductive adhesive of the present
preferred embodiment, In,O,, was added as a pH adjusting
agent, and this pH adjusting agent In,O, was formulated at
the rate of 0.5 wt % to the conductive particles containing Al
and was then mixed with an epoxy base resin by a publicly
known method to make the conductive adhesive.

The In, O, as the pH adjusting agent 1s a substance which
1s 1n a solid state 1n the storage environment and/or the actual
use environment of the conductive adhesive, and keeps the
solid state (the state of powder ) and does not dissolve as far
as 1t does not contact water. Also, the In,O, has a stable
region 1n the acid region and 1if it dissolves 1n the alkaline
region, 1t neutralizes the surrounding.

A comb-shaped electrode for the water drop test shown 1n
FIG. 1 was made by the use of the conductive adhesive of
the present preferred embodiment, as 1s the case with the
first preferred embodiment described above.

Then, a predetermined amount of solution of borate
having a pH of 9.18 was dropped on the gap G between the
conductive patterns 9a and 10a of the fabricated comb-
shaped electrode for the test. Further, a DC voltage of 1 V
was applied across both the terminal electrodes 9, 10 and the
time that elapsed before a current flowed between both the
terminal electrodes 9, 10 was measured to evaluate an 1on
migration.

For comparison, a comb-shaped electrode for the water
drop test was made by the use of the conductive adhesive to
which the pH adjusting agent In,O, was not added. Then,
the solution of borate having a pH of 9.18 was dropped on

™
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the gap between both the electrodes 9, 10 of the fabricated
comb-shaped electrode for the test to similarly evaluate the
lon migration.

As a result, 1t could be verified that the conductive
adhesive of the present preferred embodiment was made to
have a good resistance to migration by adding In,O, as the
pH adjusting agent thereto. This 1s for the following reason:
that 1s, as described above, 1f the pH adjusting agent In,O,
dissolves 1n the alkaline region, 1t neutralizes the surround-
ing of the conductive adhesive, and thus the pH in the
vicinity of the conductive adhesive changes to the acid
region to prevent the dissolution of Al to improve the
resistance to migration.

Also, although the pH adjusting agent In,O, was added to
the conductive adhesive of the present preferred
embodiment, when the volume specific resistance of the
conductive adhesive was measured, 1t could be verified that
the conductive adhesive had a good volume specific resis-
tance. To be more specific, 1t could be verified that conduc-
tfive adhesive had a good volume speciiic resistance of about
6.2x107> Qcm, which was the nearly identical to the result
obtained 1n the case of the second preferred embodiment
described above to which the pH adjusting agent (Y,O,) was
added by 0.5 wt %

While the In,O; was used as the pH adjusting agent 1n the
present preferred embodiment, a pH adjusting agent
containing, instead of the In,O,, or with the In,O,, at least
one member selected from the group consisting of TeO.,,
CeQO,, TeO,, WO,, Gd(OH);, BeO, GeO,, Cr,0;, V,0,,
Be(OH),, Al(OH),, V,0O,, Cr(OH),.nH,O, Ga(OH),, and
PbO can produce the same effect.

(Fourth Preferred Embodiment)

FIG. 2 1s a schematic cross sectional view of a mounting
structure of a semiconductor device using a conductive
adhesive containing the pH adjusting agent 1n accordance
with the present mnvention.

While a mounting structure in which a semiconductor 1s
mounted on a circuit board will be described in the present
preferred embodiment, a mounting structure in which an
clectronic part 1s mounted on a circuit board 1s the same.

A projecting electrode 2 to be an electronic connection
point was formed on the electrode pad 3 of an IC board 1.
In the present preferred embodiment, the projecting elec-
trode 2 was formed 1n the following way: that is, a Au wire
was melted to form a ball with a bump bonder device, which
was an 1improved wire boding device, and then the Au ball
was bonded to the electrode pad 3 by applying ultrasonic
wave, heat and pressure to form the projecting electrode 2.

In the present preferred embodiment, the projecting elec-
trode 2 was formed of Au, but 1t may be formed of solder and
a plating method may be used as a forming method.

Next, a semiconductor device was flip chip mounted on a
circuit board 4 by a publicly known method. Here, the
semiconductor was electrically connected to the circuit
board 4 by a conductive adhesive layer 5: that 1s, the
input/output electrode 7 of the circuit board 4 was electri-
cally connected to the projecting electrode 2 of the semi-
conductor device. In the present preferred embodiment, the
conductive adhesive layer 5 was constituted 1n the following
way: that 1s, basically, the conductive adhesive layer 5 was
the conductive adhesive described in the first preferred
embodiment (to which MgO was added as the pH adjusting
agent) and was formed of a conductive adhesive formed of
the pH adjusting agent having a particle size smaller than 20
um.

Such a conductive adhesive layer 5 was formed and after
the semiconductor device was mounted on the circuit board
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4, the conductive adhesive layer 5 was cured. Then, a sealing
resin 6 was supplied to the gap between the IC board 1 and

the circuit board 4 and was then cured to form a mounting
structure.

In the mounting structure of the present preferred
embodiment, the pH adjusting agent capable of adjusting the
pH was added to the conductive adhesive 5 establishing an
clectrical connection 1n the vicinity of the conductive par-
ficles 8 and thus could prevent the dissolution of the con-
ductive particles 8 to improve reliability. Also, since the pH
adjusting agent used 1n the present preferred embodiment
produces the effect of adjusting the pH even if the amount
of addition of the pH adjusting agent 1s small, 1t does not
increase the volume specific resistance which 1s the main
property of the conductive adhesive.

The above mentioned effect can be verified by the reli-
ability test described 1n the above mentioned first preferred
embodiment. Also, while the mounting structure was con-
stituted by the conductive adhesive to which the pH adjust-
ing agent (MgO or the like) dissolving in the acid region to
show a neutralizing action was added in the present pre-
ferred embodiment, 1t 1s needless to say that the mounting
structure may be constituted by the conductive adhesive to
which the pH adjusting agent (In,O, or the like) dissolving
in the alkaline region to show a neutralizing action 1s added.
In short, 1t 1s recommended that the pH adjusting agent be
selected according to the degree of the pH of the water
which enters the surrounding of the conductive adhesive and
1s affected by the ambient atmosphere.

Further, by making the particle size of the pH adjusting
agent added to the conductive adhesive smaller than 20 um,
it 1s possible control the amount transier of the conductive
adhesive 5 to the projecting electrode 2 and to fabricate a
mounting structure having a stable initial connection resis-
tance.

While the present invention has been applied to the resin
base conductive adhesive containing resin i1n the above
preferred embodiments, the present i1nvention may be
applied to a rubber base conductive adhesive or may be
applied also to a conductive rubber or the like 1n addition to
the conductive adhesive.

While the present invention has been described 1n detail
in the preferred embodiments, the combination and arrange-
ment of the parts 1n the preferred embodiments can be
variously modified within the spirit and scope of the
appended claims.

What 1s claimed 1s:
1. A conductive composition comprising:

at least one of resin and rubber; and

a combination of a conductive particle and a water-
soluble PH adjusting agent, said pH adjusting agent
having a wt. % from 0.1-10% with respect to said
conductive particle.

2. The conductive composition as set forth i claim 1,
wherein the pH adjusting agent changes a pH environment
in which the conductive particle 1s easy to dissolve 1n the
surrounding of the conductive composition to a pH envi-
ronment 1n which the conductive particle 1s resistant to
dissolving.

3. The conductive composition as set forth 1 claim 1,
wherein the pH adjusting agent 1s a substance which 1s 1n a
solid state 1n at least one of the storage environment and
actual use environment of the conductive composition.

4. The conductive composition as set forth 1 claim 3,
wherein the pH adjusting agent 1s added in the state of
powder.
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5. A conductive adhesive comprising:
at least one of resin and rubber; and

a combination of a conductive particle and a water-
soluble pH adjusting agent, said pH adjusting agent
having a wt. % from 0.1-10% with respect to said
conductive particle.

6. The conductive adhesive as set forth in claim 5,

wherein the pH adjusting agent changes a pH environment
in which the conductive particle 1s easy to dissolve 1n the
surrounding of the conductive composition to a pH envi-
ronment 1n which the conductive particle 1s resistant to
dissolving.

7. The conductive adhesive as set forth 1n claim §,
wherein the pH adjusting agent 1s a substance which 1s 1n a
solid state 1in at least one of the storage environment and
actual use environment of the conductive composition.

8. The conductive adhesive as set forth mn claim 7,
wherein the pH adjusting agent 1s added in the state of
powder.

9. The conductive adhesive as set forth in claim 8,
wherein the pH adjusting agent has a particle size smaller

than the conductive particle.
10. The conductive adhesive as set forth 1n claim 9,

wherein the pH adjusting agent has a particle size smaller
than 20 um.

11. The conductive adhesive as set forth in claim 5,
wherein the conductive particle contains at least one metal
selected from the group consisting of Ag, Al, Au, Cu, and N1.

12. The conductive adhesive as set forth in claim 6,
wherein the conductive particle contains a metal showing,
lower solubility 1n an alkaline region than 1n an acid region

and wherein the pH adjusting agent has a stable region 1n the
alkaline region.

13. The conductive adhesive as set forth in claim 12,
wherein the conductive particle contains Ag.

14. The conductive adhesive as set forth in claim 12,
wherein the pH adjusting agent contains at least one member
selected from the group consisting of MgO, Mg (OH),, 2
Mg0O.S10,, Al,O;, BaCO;, Sn0O,, La,0O,, Mn,0,, MnO.,,
CaCOQ,, Ca(OH),,BaTiO5, ZnO, CuO, Y,0,, B1,05, Pr,05,
Pm,O;, Nd,O;, Y(OH);, Sc(OH);, Ce(OH);, Sm(OH)s,,
Eu(OH),, Gd(OH),, Tb(OH),, Dy(OH),, Ho(OH),,
Er(OH);, Tm(OH);, Yb(OH),, Lu(OH);, ZrO,, Fe(OH).,,
Co(OH),, Ni(OH),, Cu(OH),, Cd(OH),, Zn(OH),, La(OH)
5, Pr(OH);, Be(OH),, AI(OH);, V,0,, Cr(OH);.nH,O,
Ga(OH),, and PbO.

15. The conductive adhesive as set forth in claim 12,
wherein the pH adjusting agent contains at least one member
selected from the group consisting of Mg0O, Mg(OH).,,
2Mg0.S10,, and Ca(OH)s,.

16. The conductive adhesive as set forth 1n claim 6,
wherein the conductive particle contains a metal showing,
lower solubility 1n an acid region than in an alkaline region
and wherein the pH adjusting agent has a stable region 1n the
acid region.

17. The conductive adhesive as set forth in claim 16,
wherein the conductive particle contains Al.

18. The conductive adhesive as set forth in claim 16,
wherein the pH adjusting agent contains at least one member
selected from the group consisting of In,O,, TeO,, GeO.,,
WO,, Gd(OH),, BeO, Cr,0,, V,O,, Be(OH),, AI(OH).,
V,0,, Cr(OH);.nH,0,, Ga(OH),, and PbO.

19. A mounting structure comprising:

an electronic part;

a circuit board on which the electronic part 1s mounted;
and

a conductive adhesive layer for connecting the electronic
part to the circuit board,
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wherein the conductive adhesive layer comprises at
least one of resin and rubber; and a combination of
a conductive particle and a water-soluble pH adjust-
ing agent, said pH adjusting agent having a wt. %
from 0.1-10% with respect to said conductive par-
ticle.

20. The mounting structure as set forth i claim 19,
wherein the electronic part 1s a semiconductor.

21. The mounting structure as set forth i claim 19,
wherein the pH adjusting agent changes a pH environment
in which the conductive particle 1s easy to dissolve 1n the
surrounding of the conductive composition to a pH envi-
ronment 1 which the conductive particle 1s resistant to
dissolving.

22. The mounting structure as set forth in claim 19,
wherein the pH adjusting agent 1s a substance which 1s 1n a
solid state 1n at least one of the storage environment and
actual use environment of the conductive composition.

23. The mounting structure as set forth 1 claim 22,
wherein the pH adjusting agent 1s added i the state of
powder.

24. The mounting structure as set forth 1 claim 23,
wherein the pH adjusting agent has a particle size smaller
than the conductive particle.

25. The mounting structure as set forth 1 claim 24,
wherein the pH adjusting agent has a particle size smaller
than 20 um.

26. The mounting structure as set forth in claim 19,
wherein the conductive particle contains at least one metal
selected from the group consisting of Ag, Al, Au, Cu, and N1.

27. The mounting structure as set forth 1 claim 21,
wherein the conductive particle contains a metal showing
lower solubility 1n an alkaline region than 1n an acid region
and wherein the pH adjusting agent has a stable region 1n the
alkaline region.

28. The mounting structure as set forth 1 claim 27,
wherein the conductive particle contains Ag.

29. The mounting structure as set forth 1 claim 27,
wherein the circuit board has resin as a main component.

30. The mounting structure as set forth 1 claim 29,
wherein the pH adjusting agent contains at least one member
selected from the group consisting of MgO, Mg(OH).,,
2Mg0.S810,, Al,O,, BaCO,, Sn0O,, La,O,, Mn,0,, MnO.,
CaCO;, CaCO;, Ca(OH),, BaTiO;, ZnO, CuO, Y,O;,
Bi,05, Pr,0O;, Pm,05, Nd,O;, Y(OH);, Sc(OH),, Ce(OH)s;,
Sm(OH);, Eu(OH);, Gd(OH);, Tb(OH);, Dy(OH),,
Ho(OH),, Er(OH);, Tm(OH);, Yb(OH),, Lu(OH);, ZrO.,
Fe(OH),, Co(OH),, Ni(OH),, Cu(OH),, Cd(OH),,
Zn(OH),, La(OH),, Pr(OH);, Be(OH),, Al(OH),, V.0,
Cr(OH),.nH,O, Ga(OH),, and PbO.

31. The mounting structure as set forth 1 claim 27,
wherein the pH adjusting agent contains at least one member
selected from the group consisting of MgO, Mg(OH).,,
2Mg0.S10,, and Ca(OH)s,.

32. The mounting structure as set forth in claim 21,
wherein the conductive particle contains a metal showing
lower solubility 1n an acid region than 1n an alkaline region
and wherein the pH adjusting agent has a stable region 1n the
acid region.

33. The mounting structure as set forth 1 claim 32,
wherein the conductive particle contains Al.

34. The mounting structure as set forth 1 claim 32,
wherein the pH adjusting agent contains at least one member
selected from the group consisting of In,O,, TeO,, GeO.,,
WO;, Gd(OH);, BeO, Cr,05;, V,05, Be(OH),, Al(OH),,
V,0,, Cr(OH);.nH,0, Ga(OH),, and PbO.

G o e = x
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